The combination of proteins with acids and alkalies has been thoroughly studied by a number of investigators, but the reaction of proteins with salts has received little attention--owing largely to the lack of a convenient method for determining the free ion concentration of those ions for which there is no satisfactory electrode. The problem is of interest since salts have almost as marked an effect on the properties of protein solutions as do acids. It was pointed out in the previous papers 1 of this series that the activity of an ion in a protein solution could be determined by setting up a Donnan equilibrium and measuring the total ion concentration in the pure salt solution outside the membrane, and in the protein solution inside the membrane. If the membrane potential is also measured the ratio of the activity of the ion inside to that outside can be calculated and if the activity coefficients are known then the concentration of the ion inside can be calculated. The difference between this figure and the total concentration found by analysis evidently gives the concentration of combined ion; i.e., Mo ")
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where Mt is the total concentration of ion found by analysis inside, Mo is the concentration of combined ion, Mo is the total concentration of ion outside and ~o, -y~ are the activity coefficients of the ion in the outside and inside solutions respectively, and log r = .4343
Membrane PotentiM In the present experiments the total salt
RT/nF
concentration differs only slightly between the inside and the outside solution, so that if the effect of the protein on the ionic strength of the solution is neglected 2 then -~o = ~.
Experimental Procedure.
The experiments were carried out as already described except that a more sensitive galvanometer was used. The membrane potentials were measured on four systems and two other systems were analyzed gravimetrically, C1 as AgC1, Cu as CuSCN, Ca as Ca oxalate, Mg as MglP~O~ and A1 as AI(OH)8. Duplicate determinations were made on both the inside and outside solutions of both systems. Experiments in which the analyses differed by more than 0.2 per cent or the potential measurements by more than 0.05 millivolt were not used. The figures given are therefore the averages of 2 analyses of each solution and of four potential measurements. Even under the best conditions, however, the error in the final figure may amount to 10 or 20 per cent, especially in the concentrated salt solutions, since the calculated amount of ion combined depends on a small difference between two large experimental figures.
The isoelectric gelatin was prepared as described in the preceding paper. 4
Preparation of Deaminized Gelatin.--lO0 gm. of isoelectric gelatin were dissolved in 1 liter of water and 10 gin. NaNO8 and 15 cc. glacial acetic acid added, then warmed at 80 ° for 4 hours, at the end of which time all amino nitrogen had been removed.
As pointed out in the previous paper t the experiments give directly the decrease in the activity of the ion in the presence of the protein, but in order to calculate the actual change in concentration of the ion it is necessary to make some assumption as to the effect of the protein on the activity coefficient (i.e. on the ionic strength of the solution). In the present calculation it has been assumed that this effect is negligible.
At first sight this appears an improbable assumption since the protein, although present in small concentration, is undoubtedly polyvalent. It may be noted, however, that according to Simms 3 the effective valence of polyvalent ions decreases as the distance between the groups increases, so that gelatin in acid solution has an effective valence of 1.8. It was also shown that the results obtained in this way agree with those obtained for C1, H + and Zn ++ by means of concentration cells.
a Simms, H. S., J. Gen. Physiol., 1927-28, xi, 613. 4 Northrop, J. H., and Kuntzi, M., J. Gen. Physiol., 1927-28, xi, 477. 
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The solution was kept at 20 ° for 26 hours and then dialyzed at 30 ° in a rocking dialyzing apparatus. ~ Final solution: 6 gin. per 100 cc. deaminized gelatin, specific conductivity 7 X 10-~: pH (30 °) 4.1; H + combined at pH 1.51 = 0.43 miUimols per gin.
Copper Chloride.--Copper is k n o w n to form complexes w i t h a mm o n i a a n d a m i n o g r o u p s so t h a t it s e e m e d r e a s o n a b l e to s u p p o s e t h a t .
.40 it w o u l d be found to c o m b i n e w i t h p r o t e i n s . T h e results of the e x p e r im e n t s w i t h this salt are shown in T a b l e I. T h e t a b l e shows t h a t t h e c o p p e r ion is c o m b i n e d to a large e x t e n t in d i l u t e s o l u t i o n a n d t h a t on i n c r e a s i n g t h e c o p p e r c o n c e n t r a t i o n the c o p p e r c o m b i n e d p e r gm. of g e l a t i n increases a n d reaches a m a x i m u m a t a b o u t 0.9 m i l l i m o l s p e r gin., w h i c h agrees w i t h t h e e q u i v a l e n t c o m b i n i n g p o w e r of g e l a t i n for h y d r o g e n ion. I n o t h e r words, t h e r e a c t i o n is s t o i c h i o m e t r i c
Kunitz, M., and Simms, H. S., J. Gen. Physiol., 1927-28, xi, 641. since 1 mole of copper is equivalent to 1 mole of hydrogen. Apparently then copper combines with the same groups in the protein molecule as does hydrogen. This conclusion can be verified by determin- ing the combining power of deaminized gelatin. It was shown by Hitchcock e that hydrogen ions reacted stoichiometrically with the nitrogen groups since removing 0.40 millimols of nitrogen per gin. of gelatin decreased the hydrogen equivalent by the same amount. The experiments were therefore repeated with deaminized gelatin with the results shown in Table II . The combining equivalent is now about 0.4 to 0.5 miUimols copper per gin. of gelatin which agrees again with the figure for hydrogen.
In both of the above experiments it is difficult to prove conclusively that the figure obtained is really a maximum value since the experi- ments cannot be carried into higher salt concentration owing to the experimental errors. If the copper really combines with the same groups as does hydrogen, however, it should be possible to show that the sum of the two ions combined is constant, provided one or the other is present in excess. That is, adding copper to gelatin in the presence of excess acid should result in the displacement of hydrogen ion by copper, while adding acid to gelatin in the presence of excess copper should result in the liberation of copper ions, the sum of the amount of ions combined should however remain constant and equal to 0.9 millimols per liter. The results of the experiments given in Table III show that this prediction is carried out and confirm the conclusion that the copper and hydrogen combine with the same groups in the protein molecule. The experiments also show that there is an equilibrium between the combined Cu ++ and H+.
Chloride.--The combined chloride ion in all the experiments is less than the copper and approaches a value of about 0.3 millimols per gin. gelatin in the higher concentrations. The figure with deaminized gelatin is the same as that with gelatin. The chloride therefore combines independently of the copper. Since there is more copper than chloride ion combined the resulting protein copper complex should have a positive charge. This was found to be the case, since gelatin in 0.1 u copper chloride migrated to the negative electrode when tested by the U-tube method using non-polarizable electrodes. found that La +++ and A1 +++ made protein particles positive and suggested that this was due to the formation of a complex ion of the protein and the metal ion. The experiments in Tables IV and V show that both lanthanum and Loeb, J'., Proteins and the theory of colloidal behavior, McGraw-Hill, New York, 1924. aluminum do combine with gelatin to a considerable extent. The combining equivalent appears to be approaching a value of 0.5 to 0.6 millimols per gin. gelatin but in this case again it is difficult to prove that this is really a maximum value. There seems no doubt, however, that the figure is smaller than that for copper. If the aluminum and lanthanum combined with the other nitrogen groups but not with the NH, which are removed with nitrous acid, the combining equivalent would be about 0.5 millimols per gin. and this is the value found. In confirmation of this assumption it was found that the figure for La combined with deaminized gelatin (Table VI) was not significantly different from that for gelatin. The chloride combined was nearly the same as that found with copper showing again that the two ions combine independently.
CaCl~.--The results with CaC12 are given in Table VII . The combined calcium approaches the value of 0.9 millimols per gin. of gelatin as in the case of copper but the maximum is not reached until a much higher concentration of salt. The value with deaminized gelatin at pH 5.0 is the same as for gelatin. Apparently the Ca ++ therefore does not combine with the NH2 groups but with the carboxyl groups. The carboxyl group equivalent of gelatin is also about 0.9 milllmols per liter.
Magnesium Chloride.-- Table VIII gives the results of the experiments with MgC12. The combined magnesium approaches 0.4 -0.5 millirnols per gin. as in the case of AI and La. This low figure is probably due to the fact that the solutions are slightly acid. The combination with deaminized gelatin is about the same or higher, at pH 5.0. CaC12 also gave low results when the solution was not kept at pH 5.0 by the addition of alkali. In the case of MgC1, this cannot be done owing to the insolubility of Mg(OH),. KCI, NaCl, LiCl.--In all the former experiments the membrane potential has been positive showing that the non-diffusible ion was positive. In the case of KC1 however the membrane potential is negative and it is found that the amount of K combined is within the error of the method. In fact the value comes out very slightly negative. The combined C1 is also less than in the other experiments but is still enough to be significant. The experimental results are shown in Table IX . There is therefore a qualitative difference between KC1 and the di-and trivalent ions studied, in that KC1 forms a negative complex ion while the other salts form a positive complex ion. In any system therefore which requires a very small or no potential there would be a sharp antagonism between the effect of Na, K and Li ions and ~Vlg or Ca ions.
A g N O 3 . --T h e results for AgN03 are given in Table X . As would be expected, Ag+ is combined more than the other monovalent ions. The nitrate ion was not combined.
Na2SO,.--No combination of either ion was found and no potential was obtained. Effect of the Hydrogen Ion Concentration.--The foregoing experiments were all done as nearly as possible at pH 4.7, with the exception of those in which acid was added to the copper. It was found in that case that the copper was displaced by the addition of acid. In the case of copper it is not possible to work on the alkaline side so that it seemed of interest to complete the experiment with another ion. The results of a series of experiments with 0.1 ~ CaC12 at various pH values are given in Table XII . As in the case of copper the addition of acid quickly replaces the calcium so that on the acid side of pH 3 no combined calcium was found. The value rises rapidly as the solution becomes less acid and remains approximately constant on the alkaline side of pH 4.7.
SUMMARY.
1. The combination of Cu ++, Ca ++, Mg ++, A1 +++, La +++, K +, Ag +, and C1-with gelatin has been determined.
2. The equivalent combining value for copper is about 0.9 millimols per gin. of gelatin and is therefore the same as that of hydrogen. The value for copper with deaminized gelatin is about 0.4 to 0.5, again the same as that of hydrogen. The sum of the hydrogen and copper ions combined in the presence of an excess of either is 0.9 miUimols showing that there is an equilibrium between the copper hydrogen and gelatin and that the copper and hydrogen are attached to the same Kroup.
3. The equivalent combining value of La +++ and Al+++ is about 0.5 millimols per gm. of gelatin. This value is not significantly different with deaminized gelatin so that it is possible these salts combine only with groups not affected by deaminization.
4. No calcium is combined on the acid side of pH 3. The value rises rapidly from pH 3 to 4.7 and then remains constant.
5. No combination of K, Li, Na, NO8 or SO, could be detected. 6. C1 combines less than the di-and trivalent metals so that the protein is positive in CaCl~ but negative in KC1.
